Background. The financial burden experienced by patients with cancer represents a barrier to clinical trial participation, and interventions targeting patients' financial concerns are needed. We sought to assess the impact of an equity intervention on clinical trial patients' financial burden. Materials and Methods. We developed an equity intervention to reimburse nonclinical expenses related to trials (e.g., travel and lodging). From July 2015 to July 2017, we surveyed intervention and comparison patients matched by age, sex, cancer type, specific trial, and trial phase. We longitudinally assessed financial burden (e.g., trial-related travel and lodging cost concerns, financial wellbeing [FWB] with the COmprehensive Score for financial Toxicity [COST] measure) at baseline, day 45, and day 90. We used longitudinal models to assess intervention effects over time. Results. Among 260 participants, intervention patients were more likely than comparison patients to have incomes under
INTRODUCTION
Clinical trials are vital to the development of novel therapies for patients with cancer and help advance the standard of care. However, only a small fraction of eligible patients participate in cancer clinical trials, which creates the potential for disparities in care and access to novel agents [1] [2] [3] [4] . In addition, despite the substantial resources required to open a trial, cancer clinical trials often close prematurely because of inadequate accrual, resulting in missed opportunities for growing the evidence base [5] [6] [7] . Multiple obstacles prevent patients from enrolling onto cancer clinical trials, including a lack of patient and/or provider knowledge about clinical trials, complexity of the eligibility requirements, expenses involved in participation, and difficulty with travel to trial sites [3, [8] [9] [10] . Importantly, research demonstrates that patients with limited financial resources are often underrepresented in cancer clinical trials, including older adults, uninsured patients, minority patients, and those with lower socioeconomic status [1, [11] [12] [13] [14] [15] . Thus, efforts to address socioeconomic disparities in cancer clinical trial participation need to focus on the financial burden associated with trial participation.
A growing body of literature has begun to recognize the financial burden experienced by patients diagnosed with cancer [16] [17] [18] [19] [20] [21] [22] , yet little research has focused on the added financial burden of cancer clinical trial participation. Patients with cancer experience considerable out-of-pocket costs, resulting in significant financial distress, and studies suggest that patients with cancer are at higher risk for financial burden compared with patients with other chronic conditions [16, 18, 19] . Notably, the financial burden experienced by patients with cancer can negatively impact their clinical outcomes, including poorer quality of life, increased symptom burden, and potentially higher mortality [23] [24] [25] . Importantly, in addition to experiencing the same financial issues that all patients with cancer face, clinical trial participants must also endure the additional costs of more frequent clinical visits and travel to trial sites [18, [26] [27] [28] . Although the Affordable Care Act requires coverage of routine care costs for individuals participating in approved clinical trials [29] , many patients will still have high additional out-of-pocket expenses related to travel to and from clinics, lodging, meals, and any extra childcare, all while absorbing the loss of income due to missed work [26] . Consequently, interventions to address the financial burden of cancer clinical trial participation are critically needed.
In prior work, we demonstrated that an equity intervention (an intervention that provides financial resources to patients) that reimburses clinical trial participants for nonclinical expenses related to trials (e.g., travel and lodging) was associated with increased clinical trial participation at our institution [30] . However, we lacked information about whether the intervention addressed patients' financial concerns. Therefore, we conducted a prospective, longitudinal study to investigate the financial burden experienced by cancer clinical trial participants and compared outcomes between those enrolled in the equity intervention versus a matched group of comparison patients. We hypothesized that clinical trial participants enrolled in the equity intervention would report improvements in their financial concerns about the costs of travel and lodging associated with trial participation.
MATERIALS AND METHODS

Equity Intervention
Massachusetts General Hospital partnered with the Lazarex Cancer Foundation, a 501 (c)(3) nonprofit organization, to develop an equity intervention [31] . As part of the equity intervention, patients enrolled in therapeutic cancer clinical trials could receive financial assistance for their travel and lodging expenses related to their cancer clinical trial participation (Fig. 1) . We determined eligibility for assistance by taking into consideration basic information about family income, expenses, debt, and the anticipated expenses related to travel and lodging for trial visits. For patients with incomes ≤400% of the federal poverty level (FPL), the foundation reimbursed 100% of their travel and lodging expenses. For incomes between 401% and 550% of the FPL, 75% was reimbursed; for incomes between 551% and 700% of the FPL, 50% was reimbursed; and for incomes >700% of the FPL, reimbursement was considered for extenuating circumstances (e.g., excessive debt or loss of income). Once approved, patients were reimbursed monthly after they provided proof of their trial-related travel and lodging out-of-pocket expenses (e.g., receipts for gasoline, tolls, parking, flights, and hotels).
Participants
From July 2015 to July 2017, patients with any stage cancer in the process of being screened for a clinical trial or already participating in a therapeutic cancer clinical trial at Massachusetts General Hospital, age 18 years and older, were referred to the equity intervention by their cancer team if they expressed financial concerns. For each patient enrolled in the equity intervention, we approached a group of comparison patients matched by age, sex, cancer type, specific trial, and trial phase to ask them to participate in the study. Comparison patients did not receive financial assistance from the equity intervention.
Study Design
To examine the effects of the equity intervention on the financial burden experienced by cancer clinical trial participants, we conducted a prospective, longitudinal study to compare outcomes between those enrolled in the equity intervention and matched comparison patients. We selected this study design rather than randomization because we lack uniform screening of financial burden and patients are referred to the equity intervention by treating clinicians after the patient expresses financial concerns, and randomization would result in some of these patients not receiving needed assistance. Trained study staff obtained written, informed consent from eligible patients. Following consent, participants completed baseline study measures. The DanaFarber/Harvard Cancer Center Institutional Review Board approved the study protocol.
Study Measures
Sociodemographic and Clinical Characteristics
To describe participant characteristics, we obtained information about participants' age, sex, race, relationship status, education, insurance, clinical trial, and cancer history from the medical record. To obtain information about patient income, we asked participants to self-report their total household income over the last year.
Financial Burden
We longitudinally assessed patients' financial burden at baseline, day 45, and day 90 by asking about cost concerns associated with trial-related travel and lodging, the use of cost-coping strategies, and financial wellbeing. We assessed patients' cost concerns for trial-related travel and lodging using previously validated questions about barriers to clinical trial participation [30, 32, 33] . Specifically, we asked patients their level of agreement (four-point Likert scale) with the statement that they felt concerned about the cost of travel or lodging for clinical trial appointments, and we categorized patients based on whether or not they strongly agreed with each of these questions. Consistent with prior research, we asked patients about their use of cost-coping strategies, such as forgoing care, taking money out of savings, selling possessions, taking on credit card debt, etc. [21, 30, [34] [35] [36] . To assess financial toxicity related to cancer and treatment, we assessed patients' financial wellbeing using the COmprehensive Score for financial Toxicity (COST) measure [37, 38] . The COST measure is an 11-item tool, scored 0 to 44, with higher scores indicating better financial wellbeing (and lower scores indicating greater financial toxicity).
Statistical Analysis
We compared baseline patient characteristics and financial burden between intervention and comparison patients using chi-square tests for categorical variables and t tests for continuous variables. To characterize the trajectories of changes in financial burden (cost concerns associated with trial-related travel and lodging, the use of cost-coping strategies, and financial wellbeing) over time, we used generalized linear models with logit link function for which the model parameter estimation resorted to the generalized estimating equation to account for the within-subject clustering of the outcomes. We investigated changes over time for the intervention group alone and also compared changes over time to the comparison group, as we expected financial burden to worsen over time in both groups, but at potentially different trajectories. Analyses estimated baseline values and rates of change separately for each outcome, and we computed an interaction term (Time × Intervention) to examine the effect of the equity intervention over time on patients' financial burden outcomes. For all analyses, we considered two-sided p values <.05 to be statistically significant.
RESULTS
Participant Characteristics
Of 345 patients approached for the study, 260 (75.4%) enrolled and completed baseline assessments (supplemental online Fig. 1 ). Patients were mostly white (89.6%), with a median age of 59.2 years (range: 23.8-83.3 years), and 66.2% were female. As expected, based on eligibility criteria, intervention patients were less likely than patients in the comparison group to report a household income of $80,000 and above (29.3% vs. 56.3%, p < .001; Table 1 ).
On average, the program reimbursed participants from Massachusetts approximately $212 per month, regional participants (New England, excluding Massachusetts) $330 per month, and out-of-region participants $795 per month.
Baseline Financial Burden
At baseline, patients enrolled in the equity intervention reported greater financial burden (Fig. 2) . Specifically, intervention patients were more likely than matched comparison patients to report concerns about the cost of travel (41.0% vs. 6.8%, p < .001) and lodging (32.5% vs. 2.0%, p < .001) associated with clinical trials. Intervention patients were more likely than comparison patients to report travel to medical appointments as their most significant financial concern (24.0% vs. 7.0%, p = .001). Additionally, intervention patients were more likely to report forgoing medical care because of worries about costs (14.2% vs. 1.1%, p = .001), taking money out of savings (83.9% vs. 42.6%, p < .001), selling possessions (26.9% vs. 4.0%, p < .001), and taking on credit card debt (45.9% vs. 22.8%, p < .001; Fig. 2 ). Intervention patients also reported worse baseline financial wellbeing compared with comparison patients (mean COST scores: 15.32 vs. 23.88, p < .001).
Intervention Effect on Patients' Financial Burden
We examined intervention effects over time for the intervention group alone as well as compared with the comparison
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Intervention Addressing Financial Burden group (Table 2) . Within the intervention group alone, although the proportion of patients reporting concerns about the cost of travel and lodging declined over time, changes in financial burden did not show statistical significance (supplemental online Table 1 ). Compared with comparison patients, those enrolled in the equity intervention experienced significant declines in their likelihood of reporting concerns about the costs of travel (Time × Intervention, p = .010) and lodging (Time × Intervention, p = .003). Specifically, from baseline to day 90, intervention patients' financial concerns decreased, yet comparison patients' concerns increased regarding the cost of travel (−10.0% (Fig. 3) . Over time, approximately one quarter of intervention patients continued to report travel to appointments as their most significant financial concern, yet the proportion of comparison patients reporting travel as their most significant financial concern rose over time (+0.6% vs. +10.3%). However, we found no significant longitudinal intervention effects for this outcome (Time × Intervention, p = .213). In addition, we found no significant intervention effects related to patients' financial wellbeing over time (mean change in COST scores, +0.75 vs. +1.24; Time × Intervention, p = .104).
DISCUSSION
In this study, we investigated the outcomes of an equity intervention seeking to improve financial burden among cancer clinical trial participants. By design, patients who received financial assistance from the equity intervention had lower household incomes than matched comparison patients, and these individuals reported remarkably high financial burden at baseline. Despite their high baseline financial concerns, patients enrolled in the equity intervention experienced significant changes over time compared with comparison patients regarding their concerns about the cost of travel and lodging associated with clinical trials. However, patients enrolled in the intervention did not 
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Intervention Addressing Financial Burden experience significant improvements in their financial wellbeing. Collectively, these data demonstrate the potential for a financial assistance program to help address financial concerns associated with cancer clinical trials, yet additional efforts are needed to comprehensively improve patients' overall financial wellbeing. To our knowledge, the current study is the first to investigate the effect of an equity intervention, which provides financial assistance for clinical trial-related travel and lodging expenses, on the financial burden of cancer clinical trial participation. Although we previously demonstrated that this equity intervention was associated with increased clinical trial participation at our institution, we lacked information about whether the intervention formally addressed patients' financial concerns [30] . Notably, this prior work highlighted the sustainability of such efforts, as the intervention patients received approximately $600 per month on average in reimbursements [31] . Importantly, our current study further underscores the feasibility of integrating a financial assistance intervention into the care of clinical trial participants and highlights the potential effects of such efforts. Additionally, this intervention is relatively low intensity, targeting only the travel and lodging expenses of cancer clinical trial participants. Therefore, given the critical need to develop and test interventions to address the financial burden of patients with cancer [39] , this financial assistance intervention represents a scalable model meriting additional investigation for patients across differing geographic areas and clinical settings.
Prior studies have demonstrated that medical costs are consistently higher for patients who participate in cancer clinical trials [27, 40] , and the costs of travel and lodging related to cancer clinical trials represent a barrier for trial participation [9, 10, 30] . However, research to date had not investigated whether financial assistance interventions could help to address patients' concerns about the cost of travel and lodging associated with clinical trials. Thus, our current study investigating the impact of an equity intervention for cancer clinical trial participants represents an important first step that we hope will motivate future efforts to address these patients' financial wellbeing.
Our study also highlights the remarkably high financial burden of cancer clinical trial patients. In our sample, most patients reported having to take money out of savings and reducing spending on leisure activities because of medical expenses. In addition, a substantial proportion reported taking on credit card debt and spending more than 10% of their income on medical expenses. These findings may have important clinical implications, as they can affect patients' quality of life, symptom burden, treatment adherence, and potentially even survival [23] [24] [25] 41 ]. With such a high baseline financial burden in this sample, our findings further underscore the importance of efforts to address the financial burden experienced by cancer clinical trial patients [10] , and highlight the tremendous potential for equity interventions to enhance care delivery and outcomes for these patients. Importantly, our findings also demonstrate that patients with high financial burden can successfully participate in cancer clinical trials with the help of financial assistance.
This study has several important limitations. First, we conducted this study at a single academic cancer center with limited sociodemographic diversity, which limits the generalizability of our results and prevents us from understanding the impact of the intervention among sociodemographic subgroups. Second, we lack information about factors that could influence the effect of the equity intervention, such as patients' pre-existing economic issues, social supports, and financial self-efficacy. We also lack information about other known barriers to clinical trial participation (e.g., awareness and/or perceptions of clinical trials). Third, the absence of randomization introduces a multitude of issues around confounding, and the lack of a randomized controlled study design limits our ability to definitively state that the equity intervention was solely responsible for the changes in financial burden observed over time. Notably, we found baseline imbalances in household income and patient-reported financial concerns, but this was expected, given that we sought to enroll patients in the equity intervention whose financial issues may have limited their ability to participate in cancer clinical trials. In the future, randomized controlled trials of financial assistance interventions are needed and will help definitively elucidate the efficacy of such efforts for enhancing clinical outcomes and addressing patients' financial burden.
CONCLUSION
Our study describes the effects of an equity intervention on the longitudinal financial burden experienced by cancer clinical trial participants. Importantly, we found that an equity intervention has the potential to address patients' concerns regarding clinical trial-related travel and lodging expenses in a population with high financial burden. Notably, the financial concerns of patients enrolled in our equity intervention were substantial, placing these individuals at increased risk for poor clinical outcomes and potentially early discontinuation of trial participation. Further research efforts to investigate the efficacy of this care model to alleviate financial burden and enhance care outcomes for cancer clinical trial patients are clearly needed.
